Self-assembled semiconductor quantum dots (QDs) are potentially important for a wide-range of applications spanning from nanophotonics, nanoelectronics to quantum information processing. Assessing the 1.55-m telecommunication wavelength region the materials system of choice is InAs/InP. Unfortunately in this materials system a wide variety of unwanted nanostructures are often formed besides QDs, such as quantum dashes (QDashes) and quantum wires (QWires), whose origin is discussed very controversial in the literature. Furthermore, the realization of future quantum functional devices requires site-controlled ordered arrays of QDs rather than conventional randomly distributed QDs [1] . Therefore the understanding and control of QD size, shape, and position are crucial for any application schemes.
Introduction
Self-assembled semiconductor quantum dots (QDs) are potentially important for a wide-range of applications spanning from nanophotonics, nanoelectronics to quantum information processing. Assessing the 1.55-m telecommunication wavelength region the materials system of choice is InAs/InP. Unfortunately in this materials system a wide variety of unwanted nanostructures are often formed besides QDs, such as quantum dashes (QDashes) and quantum wires (QWires), whose origin is discussed very controversial in the literature. Furthermore, the realization of future quantum functional devices requires site-controlled ordered arrays of QDs rather than conventional randomly distributed QDs [1] . Therefore the understanding and control of QD size, shape, and position are crucial for any application schemes.
InAs/InP QDs and QDashes
We demonstrate the buffer layer surface morphology as key parameter to determine the formation of either InAs QDs or QDashes. Growth is by chemical-beam epitaxy (CBE) on lattice-matched InGaAsP on InP (100) substrates. Growth conditions leading to the formation of QDashes are always accompanied by a rough buffer layer surface morphology. Although other growth parameters such as higher growth temperature, larger As flux favor the formation of QDs, once the buffer layer has a rough morphology, QDashes are formed during InAs growth. On smooth buffer layers, well-shaped and symmetric QDs are always observed. Hence, we conclude that not the growth conditions during InAs deposition, but rather the related surface morphology of the buffer layer determines the formation of QDs or QDashes which both exhibit high optical quality [2] .
Ordered linear InAs/InP QD arrays
The creation of linear InAs QD arrays based on self-organized anisotropic strain engineering of an InAs/InGaAsP superlattice (SL) template on InP (100) substrates is achieved. SL template formation, comprising InAs QD growth, thin InGaAsP capping, annealing, InGaAsP overgrowth, and stacking produces wirelike InAs structures along [001] due to anisotropic adatom surface migration and lateral/vertical strain correlation. InAs QD ordering is governed by recognition of the lateral strain field modulation on the SL template surface. The optimized growth parameters for straight and uniform QD arrays are determined, including InGaAsP cap layer thickness, annealing temperature, InAs amount and growth rate, and number of SL periods. The InAs QD arrays exhibit excellent photoluminescence (PL) emission up to room temperature (RT) which is tuned into the 1.55-m telecommunication wavelength region through the insertion of ultrathin GaAs interlayers beneath the QDs [3] .
Multilayer-stacked linear InAs QD arrays
Multilayer-stacked linear InAs QD arrays are realized on InAs/InGaAsP SL templates formed by self-organized anisotropic strain engineering on InP (100) substrates. Stacking of the QD arrays with identical emission wavelength in the 1.55-m region at RT is achieved by increasing the thickness of the GaAs interlayer beneath the QDs in successive layers. The sub-ML increment of the GaAs interlayer thickness compensates the QD size/wavelength increase during vertical strain correlated QD stacking. This is the demonstration of a three-dimensionally self-ordered QD crystal with fully controlled structural and optical properties.
Conclusions
In summary the key role of the buffer layer surface morphology for the formation of InAs/InP QDs or QDashes has been demonstrated. Furthermore the formation of linear InAs QD arrays on InGaAsP/InP (100) has been realized based on self-organized anisotropic strain engineering together with QD size and wavelength controlled multilayer stacking to create a three-dimensionally self-ordered QD crystal. Fig. 3 PL spectra taken at RT of the capped single-layer, three-fold-stacked, and five-fold stacked 2.6 ML InAs QD arrays with 0.175 ML increment of the GaAs interlayer thickness in successive layers. Inset: AFM image of the uncapped five-fold stacked 2.6 ML InAs QD arrays with increment of the GaAs interlayer thickness of 0.175 ML in successive layers. The scan field is 2.0 × 2.0 m 2 and the height contrast is 20 nm.
